Identification of fusobacteria from clinical specimens currently requires analysis of metabolic end products by gas-liquid chromatography in addition to certain biochemical and enzymatic tests because of the relative biochemical inactivity of these bacteria. Even the finding of pointed, thin gram-negative cells on Gram-stained slides can no longer be relied on for identification ofFusobacterium nucleatum, since at least four other species of fusobacteria have been seen to exhibit similar morphology. We examined 46 clinical isolates and six American Type Culture Collection type strains of fusobacteria by conventional methods and by the Microbial ID Systems MIDI software package for analyzing cellular fatty acid patterns measured by capillary column gas-liquid chromatography. Distinctive patterns of major fatty acids could be used to reliably identify most clinical isolates to the species level. The MIDI system identified 89%6 of the isolates correctly and provides an alternative to conventional methods.
in Vincent's angina and acute necrotizing ulcerative gingivitis in the late 19th century (13, 19) . Initially, this genus was identified by morphology and fetid odor, the latter caused primarily by the production of butyric acid. Knorr first proposed the generic name Fusobacterium for these bacteria (8) . During the last 15 years, the classification of these bacteria has been reevaluated by using nucleic acid analyses, analyses of cellular components (e.g., protein and fatty acids), and enzymatic characteristics (2-4, 6, 10, 14, 15) . These methods are too cumbersome to use for the identification of fusobacteria in the nonresearch setting. At present, the genus includes 16 different species, with two subspecies of F. necrophorum and three subspecies of F. nucleatum. Because these subspecies and the new species F. pseudonecrophorum were described after our studies were completed, and because identification is usually dependent on molecular and other sophisticated methods, no attempt was made to separate them for this evaluation. Several classical identification schemes for fusobacteria using colonial and micro-* Corresponding author. t Present address: Roussel Nordiska AB, S-126 12 Stockholm, Sweden. scopic morphology and biochemical characteristics have been proposed (1, 8, 9, 12) .
A preliminary presumptive identification of the genus Fusobacterium can be made by special-potency antibiotic discs containing vancomycin (5 ,ug) , kanamycin (1,000 ,g), and colistin (10 p,g) (17) ; fusobacteria are susceptible to kanamycin and colistin and resistant to vancomycin. Members of the genus are further characterized by producing butyric acid without any iso acids as their major metabolic end product. Because of the weak metabolic activity of these bacteria, only a few biochemical tools are available to clinical laboratories for separating the species. These are indole and lipase production, esculin hydrolysis, the ability to grow in the presence of 20% bile, fermentation of lactose, production of 3-galactosidase, and conversion of threonine and lactate into propionic acid.
In recent years, gas-liquid chromatography (GLC) has been used to study the cellular fatty acid composition of fusobacteria (2, 4, 6 for 30 min after addition of 1 ml of 15% NaOH in 50% aqueous methanol. The samples were cooled to room temperature, and 1 ml of 6 N hydrochloric acid in methanol and 1 ml of 50% aqueous sulfuric acid in methanol were added before the samples were heated at 80°C for 10 min. The samples were rapidly cooled, and the methylated fatty acids were further extracted with methyl-tert-butyl ether and hexane (1:1). The samples were mixed by turning them end over end for 10 min. The lower (aqueous) phase was removed, and the upper phase was mixed by turning the samples end over end with 3.0 ml of sodium hydroxide in saturated sodium chloride (5.4 Once a series of strains that are similar (as determined by biochemical, genetic, or other characteristics) has been analyzed (or, alternatively, one strain has been analyzed several different times with slightly different incubation and growth parameters), the entire area occupied by their plotted values can be encircled and labeled. Strains with patterns similar enough to fall within the geographic group are thought to be similar (usually within the same genus, species, or biovar, etc.). The location thus identified by pattern analysis, if it contains all strains of a known species, is called a library entry. Analyses of many strains or smaller numbers of strains repeated many times become the library data base against which new strains are compared. The pattern of a new strain being analyzed can then be plotted, and the Euclidean distance from the point representing the percentage of the total area occupied by its principal components to a point in the center of the area occupied by the previously analyzed strains (a statistically generated mean) can be measured. The similarity index represents a calculation based on the distance of the new strain from the established group of strains. Index values range from 0.0 (no similarity) to 1.0 (the new strain falls directly in the center of the comparative group). Obviously, the correctness of the identification of the strains used for original library generation determines the accuracy of subsequent identifications based on similarity. For testing of anaerobic bacteria with this system, an acceptable match requires an index value of 0.300 or greater.
RESULTS
Identification. Conventional biochemical results were consistent with expected reactions. All strains of F. mortiferum, F. necrogenes, and F. varium tested were resistant to 20% bile; 25% of the F. nucleatum strains were also resistant. None of the F. necrophorum or F. gonidiaformans strains or the single American Type Culture Collection strains of F. russii and F. periodonticum were able to grow in 20% bile-containing media. One-half of the F. varium strains produced indole. F. gonidiaformans, F. nucleatum, F. necrophorum, and F. periodonticum were always indole positive. The lipase-positive reaction for the two lipasepositive strains of F. necrophorum tested could be observed after 2 days of incubation. Two other strains thought to be F. For those laboratories that require definitive identification of anaerobic bacteria, detection of short-chain volatile fatty acid end products of metabolism by GLC is a standard procedure. Analysis of whole-cell fatty acids requires a different GLC configuration (including a capillary column), special software, and an extraction process more complex than that used to prepare samples for volatile fatty acid analysis. Even microbiologists unfamiliar with the use of conventional GLC, however, will have no trouble learning to use the MIDI system. For most anaerobic isolates, conventional GLC could be bypassed after initial simple tests have been used to establish the genus or presumptive identification. With the system described here, all components of which are available commercially, computer-assisted data base analysis and species matching are now within the capability of any laboratory.
ADDENDUM IN PROOF
A new penicillinase produced by a highly penicillin-resistant (MIC, 1,024 mg/liter) strain of Fusobacterium mortiferum has recently been described (C. E. Nord and L. Lindqvist, Abstr. 32nd Intersci. Conf. Antimicrob. Agents Chemother., p. 323, abstr. 1274).
